The new antiepileptic drug vigabatrin is a selective irreversible inhibitor of GABA-transaminase (GABA-T), the main degradative enzyme of GABA (Harden 1994) . Vigabatrin increases CSF GABA levels by 2 to 3-fold when administered in anticonvulsant doses (Ben-Menachem 1989) . Preclinical studies suggest that vigabatrin has anxiolytic properties in addition to its anticonvulsant effects. Sayin et al. (1992) compared the anxiolytic effects of diazepam and vigabatrin in rats and found a significant decrease of anxiety with both substances using the elevated plus maze test. Sherif and colleagues investigated the effects of GABA-transaminase inhibition on exploratory behaviour in socially isolated rats using both the elevated plus maze and the open field NO . 5 test (Sherif et al. 1994; Sherif and Oreland 1995) . Despite these promising results in animal models it is still unclear whether vigabatrin exerts anxiolytic properties also in humans.
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CCK-4 has potent anxiogenic properties both in patients with panic disorder and in healthy volunteers (Bradwejn et al. 1990; Bradwejn et al. 1991a; Bradwejn et al. 1991b) . Recent data suggest that CCK-4-induced panic is attenuated by antipanic treatment. A decrease of the anxiogenic effects of CCK-4 has been shown after treatment with benzodiazepines in healthy volunteers (de Montigny 1989) . Moreover, antidepressants that are commonly used as antipanic treatment, e.g. imipramine Koszycki 1994a), fluvoxamine (van Megen etal. 1997 ) and citalopram (Shlik et al. 1997 ) reduced CCK-4-induced panic in patients with panic disorder.
CCK-4-induced panic appears to be a suitable model to assess anxiolytic properties of psychopharmacological drugs in humans. To evaluate the putative anxiolytic properties of the selective GABA transaminase inhibitor vigabatrin, we therefore studied the effects of treatment with vigabatrin for seven days on CCK-4-induced panic symptoms in healthy male volunteers.
METHODS
Ten male healthy volunteers (mean age ϭ 30.7 years, SD ϭ 7.04) were studied. All subjects underwent a structured interview (SCID) (Wittchen et al 1996) by an experienced psychiatrist. Subjects were found to be free of any history of mental disorder or somatic disease by means of physical examination, electrocardiogram, electroencephalogram and routine laboratory testing. None reported a history of mental illness in first degree relatives. Any intake of opiates or benzodiazepines was ruled out for at least four weeks prior to baseline by urine toxicology screening. The protocol was approved by the local ethics committee for human experiments. After a complete description of the study all subjects gave their written informed consent. At day 0 and day 1, subjects were challenged with CCK-4 or saline in a randomized order. From day 2 until day 9 subjects received vigabatrin (Sabril ® , Hoechst, Frankfurt, Germany) twice daily in a daily dose of 2 g, which corresponds to 30 mg/kg body weight as used for anticonvulsive treatment. After seven days of treatment subjects were rechallenged with saline on day 8 and with CCK-4 on day 9. Two hours prior to every challenge subjects were seated in a bed in an upright position in a quiet room. An intravenous catheter was inserted into a forearm vein. At 10:00 A . M . 50 g CCK-4 (Clinalfa, Lauelfingen, Switzerland, dissolved in 10 ml 0.9% saline) or saline (10 ml 0.9% saline) were administered as a bolus injection. Severity of panic symptoms was assessed with the Acute Panic Inventory (API) (Dillon et al. 1987 ) and a DSM-IV-derived Panic Symptom Scale (PSS) (Bradwejn et al. 1991a ) before and after CCK-4 administration at the time points 10:00 (baseline), 10:05, 10:10, 10:20, 10:30 and 11:00 A . M . The maximum intensity during the challenge used for analysis. For evaluation of subjective anxiety a 100-mm visualanalogue scale (VAS) for anxiety was used. Heart rate was recorded with a DATEX-OHMEDA light monitor (Datex-Ohmeda, Finland) continuously during the whole challenge. Blood samples were taken at 10:00 (baseline), 10:05, 10:10, 10:20, 10:30 and 11:00 A . M . for determination of plasma cortisol and ACTH concentrations. ACTH plasma immunoreactivity was measured using a commercially available immunoradiometric assay (ACTH 100T Kit, Nichols Institute Diagnostics, USA) with a sensitivity of 0.11 pmol/l. For cortisol determination a commercial radioimmunoassay kit was employed (Cortisol-RIA, DPC Biermann, Germany) with a sensitivity of 8.27 nmol/l. Our intra-and interassay coefficients of variation were below 5%. Areas under the curve (AUC) for cortisol and ACTH blood concentration vs. time were calculated by numerical integration using the trapezoidal rule. To control the subjects compliance to drug intake vigabatrin serum levels were determined by high performance liquid chromatography (HPLC) (Figure 1 ).
Results are expressed as mean Ϯ SEM. To evaluate significant time effects on ACTH and cortisol concentrations after CCK-4 or saline injection, ANOVA with repeated measurements with time as within-subject factor was performed. To test for treatment effects of vigabatrin on clinical and endocrinological variables under CCK-4 challenge the data collected on CCK-4 challenge days before and after vigabatrin treatment were used. Clinical rating scores, heart rate, ACTH and cortisol AUCs and peak plasma concentrations were analyzed by ANOVA with a repeated measures design with treatment as within subject factor. To approach normality and homogeneity in the data, the variables of plasma hormonal concentrations used the analysis were transformed with the log-transformation (x* ϭ ln [x]) before entering the analysis. Alpha ϭ 0.05 was accepted as the nominal level of significance.
RESULTS
The maximum intensity of symptoms provoked by CCK-4 was observed within the first five minutes after injection. There was no difference between responses to CCK-4 on day 0 or day 1. All subjects reported a marked reduction of CCK-4-induced panic and anxiety after one week of vigabatrin treatment. Compared to the first CCK-4 challenge the number of reported PSS symptoms decreased by 50% from 9.4 Ϯ 0.9 (range 5 to 13) to 4.7 Ϯ 1.0 (range 0 to 6) after vigabatrin treatment (F(1,9) ϭ 45.08, p Ͻ .001). PSS sumscores decreased by 54% from 19.7 Ϯ 2.8 (range 3 to 31) to 9 Ϯ 2.2 (range 0 to 25) (F(1,9) ϭ 9.2, p ϭ .014). The mean API sumscore decreased significantly by 45% from 24.0 Ϯ 3.3 (range 10 to 38) to 13.2 Ϯ 3.5 (range 0 to 42) (F(1,9) ϭ 18.96, p ϭ .002). Moreover, subjects reported a significant reduction of VAS-scores for anxiety from 52.0 Ϯ 6.6 (range 30 to 90) to 26.5 Ϯ 5.7 (range 0 to 60) (F(1,9) ϭ 9.56, p ϭ .013). None reported an increase in panic during the second challenge compared to the first one.
CCK-4-induced physiological parameters such as increase in heart rate were not significantly affected by vigabatrin treatment. The maximum heart rate decreased nonsignificantly from 89 Ϯ 16 /min to 81 Ϯ 19 /min after vigabatrin intake.
During the placebo challenge subjects did not report marked panic symptoms. The maximum API-score ranged from 0 to 3 (mean 0.7 Ϯ 0.9) before and from 0 to 8 (mean 2.8 Ϯ 3.4) after vigabatrin treatment. The maximum PSS-score ranged from 0 to 3 (mean 1.3 Ϯ 0.9) before and from 0 to 2 (mean 0.8 Ϯ 0.6) after vigabatrin treatment. The maximal VAS-score ranged from 0 to 6 (mean 1.1 Ϯ 2.3) before and from 0 to 20 (mean 5.7 Ϯ 8.2) after vigabatrin intake.
Cortisol and ACTH showed a marked and significant increase over baseline during the CCK-4 challenge before vigabatrin treatment. ANOVA for repeated measurement revealed a significant time effect for cortisol and ACTH (cortisol: F(5,5) ϭ 60.6, p Ͻ .001, ACTH: F (5,5) ϭ 5.9, p ϭ .036). In contrast, no significant time effects were observed for either ACTH or cortisol levels after saline injection. After seven days of vigabatrin treatment, both cortisol and ACTH responses to CCK-4 challenge showed a significant blunting when compared to pretreatment levels. AUC of cortisol decreased from 24203 Ϯ 1444 to 20096 Ϯ 1335 nmol/l * min (F(1,9) ϭ 11.77, p ϭ .008). AUC of ACTH diminished from 761 Ϯ 221 to 562 Ϯ 141 pmol/l * min (F(1,9) ϭ 9.1, p ϭ .015). Also peak cortisol levels showed a significant reduction from 509.6 Ϯ 35.8 to 410.2 Ϯ 28.6 nmol/l (F(1,9) ϭ 12.79, p ϭ .006). The ACTH peak decreased from 25.3 Ϯ 8.8 to 16.2 Ϯ 5.0 pmol/l (F(1,9) ϭ 7.49, p ϭ .023). However, cortisol and ACTH levels at baseline and after saline injection did not differ before and after vigabatrin treatment (Figure 1 ).
There was no correlation of anxiolytic effects of vigabatrin and vigabatrin plasma levels. Moreover, there were no significant correlations between attenuation of ACTH and cortisol levels and the psychometric data. All subjects were compliant with regard to vigabatrin intake as demonstrated by measures of vigabatrin plasma concentrations (mean 11.80 g/ml, SD 4.14 g/ ml). Apart from slight vertigo in the first days of treatment, vigabatrin was well tolerated by all subjects.
DISCUSSION
The major finding of our study is that treatment with vigabatrin leads to a marked and significant decrease of CCK-4-induced panic attacks. This is demonstrated by the decrease of the API, PSS and VAS scores following CCK-4 challenge after vigabatrin treatment. Although it has to be considered that our study was not placebo-controlled and a certain placebo effect cannot be ruled out, the pronounced anxiolytic effects of vigabatrin are unlikely to be merely caused by a placebo effect. Previous studies investigating the effects of fluvoxamine on CCK-4-induced panic in a placebo-controlled study revealed a marked effect of fluvoxamine on CCK-4-induced panic in view of a slight and non-significant effect in the placebo group (van Megen et al. 1997) . The CCK-4-induced panic rate dropped significantly from 76% to 29% within eight weeks of treatment in the fluvoxamine group, whereas there was only a nonsignificant decrease from 67% to 56% in the placebo group. In contrast to treatment with imipramine or fluvoxamine (Bradwejn and Koszycki 1994b; van Megen et al. 1997) , we found no statistically significant effect of vigabatrin on the physiological response to CCK-4 such as heart rate.
Our findings are in agreement with recent reports describing anxiolytic effects of vigabatrin treatment in animals. These data show a significant improvement of explorative behaviour with vigabatrin in socially isolated rats using the elevated plus maze and the open field test after administration of vigabatrin (Sherif et al. 1994; Sherif and Oreland 1995; Sayin et al. 1992) . Moreover, this finding is in line with effects of other GABAergic agents in humans. For example, benzodiazepines have been shown to attenuate CCK-4-induced panic in healthy volunteers. de Montigny (1989) showed an attenuation of CCK-4-induced panic symptoms by lorazepam in four subjects. Moreover, preclinical studies report an antagonization of CCK-8 induced activation of rat hippocampal pyramidal neurons after administration of benzodiazepines (Bradwejn and de Montigny 1984) . On the other hand, a provocation of panic symptoms with flumazenil in patients with panic disorder has been described (Nutt et al. 1990 ).
These results suggest that GABAergic mechanisms play an important role in the modulation of CCK-4-induced panic. CCK is localized in GABA-synthesizing neurons in the cerebral cortex, hippocampus and basolateral amygdala and its release is under tonic control by GABA mediated mechanisms (Harro et al. 1993) . Thus, also the functional neuroanatomy of CCK-4 and the GABAergic system underlines the importance of GABA for CCK-4-induced anxiety. Besides the GABAergic system, also the serotonergic system is involved in the neurobiology of CCK-4-induced anxiety (Harro et al. 1993) . Treatment with serotonin reuptake inhibitors (SSRIs) commonly used for antipanic treatment reduces or even blocks CCK-4-induced panic in patients with panic disorder (van Megen et al. 1997; Bradwejn and Koszycki 1994b; Shlik et al. 1997) .
After administration of CCK-4, all subjects showed a marked increase in ACTH and cortisol plasma levels. These findings are in agreement with prior studies that reported an elevation of cortisol and ACTH after CCK-4 challenge in healthy subjects (de Montigny 1989; Koszycki et al. 1998 ). In addition, elevated levels of ACTH and cortisol were noted after administration of the synthetic analogue of the cholecystokinin pentagastrin in healthy volunteers (Abelson et al. 1991; Degli Uberti et al. 1983) .
Moreover, there is increasing evidence that the neuroendocrine response of the hypothalamic-pituitaryadrenal (HPA) system might discriminate between CCK-4-panickers and nonpanickers. Koszycki et al. (1998) showed that the ACTH increase after CCK-4 administration is significantly enhanced in healthy subjects who panicked after CCK-4 administration, unlike in subjects who did not panic. Also, in patients with panic disorder the elevation of ACTH plasma levels following CCK-4 challenge was reported to be significantly higher in patients with panic attacks than those without panic attacks (Ströhle et al. 2000; Flint et al. 2000) . Thus, the activity of the HPA system following CCK-4 challenge appears to somehow reflect the anxiety response to CCK-4-induced panic. In the present study we found that stimulation of ACTH and cortisol levels by CCK-4 was significantly blunted after vigabatrin treatment. This reduction in HPA activity corresponds to our clinical results; however, no firm relationship between the effects of vigabatrin on HPA system activity and psychometric data could be established in our study. It is well known that the activity of the HPA system is inhibited by GABAergic mechanisms (Holsboer 1998) . In contrast, heart rate has been shown to increase following treatment with benzodiazepines in rats (Castro et al. 1999 ) and humans (Farmer et al. 1998) which is in line with the differential effects of vigabatrin on HPA system activity and heart rate.
Treatment with vigabatrin leads to an increase of GABA through inhibition of GABA-T. GABA itself acts through a binding site different from that of benzodiazepines at the GABA A receptor, which offers a new pharmacological principle in the treatment of anxiety disorders. In fact, sleep studies have shown that agonists for the GABA binding site produce a much more favorable sleep EEG profile than benzodiazepines with no REM suppression, an enhancement of slow wave activity during non REM sleep and no withdrawal effects (Lancel and Faulhaber 1996) . Indeed, first clinical experiences using vigabatrin show a marked reduction of panic and agoraphobia in patients with panic disorder (Zwanzger et al. 2001) . However, the occurrence of visual field constrictions render the long term use of vigabatrin problematic (Manuchehri et al. 2000) . Thus, future studies should also focus on other drugs targeting the GABA binding site of the GABA A receptor using experimentally induced panic paradigms.
In summary, treatment with the selective GABAtransaminase-inhibitor vigabatrin leads to a marked and significant reduction of CCK-4-induced panic symptoms in healthy volunteers. Moreover, we found a significantly blunted CCK-4-induced ACTH and cortisol response after vigabatrin treatment. Thus, targeting the GABA binding site of the GABA A receptor as achieved by GABA-T inhibitors could be an new strategy for the treatment of panic disorder. Because there is no risk of dependency the use of GABA-transaminase inhibitors could be an alternative treatment strategy to benzodiazepines. In view of the demonstrated anxiolytic properties in healthy volunteers, future studies should also assess the potential anxiolytic effects of GABA-T inhibitors in patients with panic disorder.
